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(54) POLYMERIZATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for polymerizing styrene or ethylene by using a divalent 
samarium complex. 

SOLUTION: Styrene and/or ethylene Is polymerized in the presence of a divalent samarium complex expressed by 
the formula: [Cp*Sm(ArO)Cp*X (THF)2]n {X is an alkali metal ion; Cp* is a pentamethylcyclopentadienyl ligand; ArO 
is an aryloxide ligand; THF is a tetrahydrofuran ligand; (n) means that the complex is a polymeric complex} or the 
formula: (ArO)2Sm(THF)3, preferably under a pressure. 
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(57) [3?*^Jl 

C^iJli^g^] CCp' Sni(OAr) Cp* X (THF) , ] . (X \t T )U 

- BE -fe ^ ; ArO « T U - ;U 4^ '> K Re <4 ^ ; THF tt 7^ 
h ^ t K □ >' ^ vffiHic^ : n \tmmi^f3^^- U ^ 'J 
iic-r^&'SClch^^-r) Xtii^: (ArO): Sni(THF)i (ArO « 




I 

im^mi) : [Cp' SDi(OAr) Cp' X(THF):]. ( 

4*. X \t7 V ^,m-( ^>^^^^ Cp* \t^>^/>^ 
{7 U ^> ^ -J :SL - )Vfl\<f.=^'S:^\y s ArO 7 'J - ;i/ 
:t 4^ -> h^E^i^^^ U , THF « x h ^ h K P 7 ^ >E^i 
^^^^L. n \tmm\^ffi [Cp* SinCOAr) Cp' X(THF)»]$: 

+ H fE{a^*«2; 6-v-lert-:r ^;i'-4- > ^ ;P 7 x / ^ 
T * S Sr ffl T iE ff ^ r/ 3Ji 1 tC t7) ;^ . 

5R flJi 1 Ttc 1/^ U 3 <D rn 33^ tClE ifsfe (D-Jift, 
[a95Ji^5] it : (ArO)i SmdHF). ( ArO 7 U - ;U 

[S5 5Rfl3 6 ] r U - JP^+5> KfiE<iC^d*2. 6-i;-tcrl- 
>^^ 7 X y 4^ -> H fE^i^X 6-v-lc^l- 
>^ ^ ;p 7 X y + ~> H fi2 <i ^ T a& S S 7H V> T IE fr 

^ M ^ 5 n m <D-jjm. 

^ ff ^ JTi 5 X 6 \zum(r>-j3m. 
{^m<r>nm u m ] 

[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

U^>^i^X.-)Uy-:t>) ^ r I^J — CO ffi ^4 ^ «r 

7.T 0 =.:t> (AtO' ) «r ffi {ft ^ t ^ - 

fifli 7 > r^' y -f K l^i*: (ArO), Ln (Lnfi SmX Yb * 7Tx L , Ar 
0 tt2,6-v-lert-y^;P-4- ;?C 5=- ;i/ 7 x y 4^ -> K 7 X 

>&>T>-r) icoiiTowm«sixji£;tt;5<iffi^$n, 7u 

- :t V H fin {ft ^ ^ > ^ K $U <^ 13 ^) U T fl] 
fiiUft^-e -5 C i T^ltjpj '^^ $ n/t (Hou. Z.. cl al.. 
J. An. Chen. Soc. , 117. pp. 44 2 1 -4 42 2. 1995: Yoshin 
ura, T. » ct al.. Organomc t a 1 li c s. 14. pp. 4858-486 
4, 1 995: Hou.Z.. ct al., J. Am. Chcra. Soc. 116, p 
p. 1 1169-111 70. 1 994). ifhU^^itL^^ 



2 5 13 19 
2 

[ 0 0 0 3 ] m^^i. - gi 1^- T U '^z A 7 ^ h* Sm [N (S. 
iMc«): ]: (THF)j (Mc: ^ ;U 2£ ; THF : x h ^ t K a 7 7 
>m^=F) ^&-y5iac02.6->?-tert-y^;U-4- > 5" ;P 7 

X y - ;i/ ;^cc if o t K p ^ 5/ 7 u - ^ t S it^ $ -ti- -5 

^ , ^ r -5 z: filfi 1^- V U -i; A 7 U — >'L' ^ 4^ ey K Ik' (4^: ( A r 
0)iSib(THF)i ii^r^ Ct. 3lttXlC. COlg(^i€:Itt 

SJt^$-l^Si:7U-;P^=^->Hfil{ft^*=Ar-r^Hgi©it 
V U A • 3 : (ArO): Sni(THF)r I 75«# e> tl ^ C i: 

^3H5/43. :gt«is?fj) . cnetti^-rnfe^y ^-t UT 

£ 0 0 0 4 ] igjfi. [Cp ' Sm(OAr) Cp* K(THF)«]. 
tp, Cp' ^ > ^ 5=-;!/ ^7 D ^ V X — JUfiB^^ 
ArO «2. 6-v-tert-:r 5';i/-4- ^ 5^ ;i/ 7 x y + 
Hfi^^^ft^^r^•r, THF «5^N^tHP7^>j51<ft^€r5^ 
n [Cp* Sm(OAr) Cp* K (THF) i ] ^ Ift 0 iE 

Ll|i<fti:-rS:^^U>tU»yi^ak'^T&SCi:^^-r) 
20 ^tl-S^MtDitv U Alb'(4i75«tS2g$ tl/t (B-^it^/^^ 

miom^^^r-^ . 2B114. 1996^ 3 290 : ^± 

m No, 28. 0 yfi^&±i65^^^2?gff . 1996^r^ 5 j1 160 ) . L 
7&^U>S:3&^e» C:n^<C>ft|{ftK*t:tU7^>ffi-&lC^rffiT* 

[ 0 0 0 5 ] 

[5EW75^^jyiiUJ:^fr*l!R2a2feCX^)2fi^«¥tfc-r*fc«) 
30 St)<0-C*«>. >*^fa!lJQ^- e> tt, ± -E© [Cp* SiD(OAr) Cp 

* K(THF),]. x^ts ni>-*)'-7 0 ^ Jx^i^t^^^ I- >:&.u 
^ u >(D \z^i m X $> ^ t . 3fe ic . m 

iiE T H *5 T ii fT L . iRr C )J0 iE T *5 
^^T*R«6TiKsHJ:<3J?UX5"U>&t^/X«^'Jx5"U 
>, ii7'Sl><«x^w>&tXx5^u>(D7'p^;^i:7rt.i[-gr 

\t . (ArO)» Sni(THF), T $ tl ^ If T U A S: /lU^ ^ 

i:*^l^/fUfc. ;4i:%0ntt::n6<7)^31J^€ri^lC UT^fiR 
40 ^ tlft h (DX & ^ . 

[ 0 0 0 6 ] rUt>t>-^^m\t. it : (ArO)» Sni(THF) 
I (ArO H7 U -^l'^^^ v' KfiS<ft^*?T>-r) "ClK $ ^ ^ 
-mif--^ V "tP /xmi^(D-^?^TX 1 . OOOr^ EE J: CD /£ :^ T 
{I 7. ^ >S:lX/X «X^ U >(D m-^ ^rfT -5 ^fiiii^ 
T -5 t> <?5 T -5 . ;i CO ^ rj)j CO * L fli «g ic J: n If . 7 
U + •> H E{ft^7&<2. 6-v-lcrl-:/^;U-4- ^ >H/ 
7 X y 4r K fsn^ft ^X ti2. 6- v-terl-y^;i/ 7 X y 4^ 5y 
K fill {ft ^ T in T IS ^ fi^ -5 ± CO y? ; 3fe 

x^u>&t^x^U'><0:Jt-ffiii^. *T-*u<ti;^5^ 

50 > 2fe X 5=- U ><0 7 □ y ^ ffi ^ -5 J:: flS CO tts 




( 

3 

[0 0 0 73 m/i. -4^^m (D <D \Z ^ tliit . ^ : 
[Cp* Sm(OAr) Cp* X(THF)r]. ( •t' > X \t 7 tl 0 ^ 

m-r^>^^L. cp' \to^ ^^Ji'>i7 a^>^f i^x. 

- ;i/fiS<iT S: U . ArO « T U - ;U + K fiE {4 ^ 5: ^ 

THF tixK^t:HP7'^>?E<i^^^U. n 
i^t)^ [Cp' SiD(OAr) Cp' X(THF)»]S:I» 0 xBUm^a t -r S 
# U U V ^ 4a(4cT&S C t Sr^t) T $ ^ - ^ffi it 
^ U A ff^ CD T T ^t"!' J£ (.^ U ^JU IE T II 7. ^ U > & 

ts2,6-'>'-icrt-y^;u>'xy=^i> \^ m ^ ^ X' ^ m ^ 

^ffi-^, ^ < \t 7. ^ > ISlZS X. ^ U ><D :/ a y ^ 

m^^n^ ±m<D:^m : t&z^\z. i,ooogcjEEJE^± 

C 0 0 0 8 ] 

jKftX t UTii: (I) : [Cp' SmCOAr) Cp' X(THF),]. (it 
4'. X « T ^l' :^ U < :t > ^ U . Cp' tt^>5'^f^ 
;U D ^ > t^' v X ^ ;HS! ^ ^ tTx t- . ArO r u — ;P 
:e-=%^-> HfiiHsSr^Sr^U. THF h 7 t h* D 3? ^ > |£ ^ 

^^^U, n [Cp* Sm(OAr) Cp' X(THF)r3$r 

^ u > :scxsjl^ I- xDz/ a y ^ ^m^^ ^ c t ^^^wl 
[ 0 0 0 9 3 ^ft. -4^^m<r>m=.<otg&mx\t. xt (ii) : 

(ArO)r Sni(THF)i (ArO « T 'J - :t + '> H fi2 ^ ^ 

><7):/D ^t:.7n:<^$r l . OOO^JE Ji ©BE ^ TTf? -5 C 

[0 0 1 03 &t^iC(n)0«B«s:lC*5i.^T, 7U- 

^l' :t ^ -> K fi! ^ i: b T « . ^T* ^ L < H (Ht Ife 7 x 7 4^ 

:t>iivx\t. mpL\:i. ^ > i£ > ^ Jz \z 1 m X \t 2 m 

;i/=^;L'3£S:#-r^45'&, z. n ^ <d 7 )i ^ ^J^\tm - x h 

(7) ^ > if > 53 tC T :t -> h* 3£ ^ U ^ igl ^ ^ 

-> H 7 X 3^ > /Jt L- r -5 z, t if ^ u . 

[00113 >-fcf >Sil:02-(j:c2fiLt^6-{iClcr^Jftr'5 7 
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+ ^ u T « , i^i^<o^7iy^u Eomf^it^ ^ . y 

IKJ IC ^U. -C« r il' ;U ^ $ in -5 C t M T ^ 

2. 6->-W V :/ D tr ;i/ :7 X / ^ f> K T X :t > . 2»6->? 
3** 'O^^l' 7 X y ^ V K r X :t > . 2-lert- :r^;i/-6 
- -fy:/Dt^;i'7xy:^r'>KTX:t>» 2-terl- -^^JV 
-6- >5^;i/ 7 X y + K T x:d- xtt2-<v:^ 

ntr;i^-6- ^-^^ ^ > ^ y :sL y ^ \i 7 > U ^ ^ m 

ZS&'iiLi)iii h\Z lert-y5^;W3£T/S*fe$nfc7xy=^^'> 
K r X3j- > (2, 6->?-tert->''^;!/ 7 X y + K 7 - :t 

> ) t!;^ ^Hf C: ^T' * L o 

[0 0 1 23 cne»<D2.6-v7;i/ + ;HS^:7xy 

4^'>H7x:?J->0'<>-tf>5a75t$f»i::iiSX«2flaJEt* 

±. itf- ^ V < \t I m (D 7 )i ^ m ^ ^1 r ^ . toj: 
ofji7)]^^)i^mti.x\tc,-c. 7 )uy^f}Ui-mx $> 
0 . ^7 )\^m<om^i^i^ t i.x\t4-i<L^^itfmx$> 

m?i\i. 2. 6-y 7 :7 X y 4^ -> H 7 > 

20 (D ^>i£>m(0 \Z ^ 9- )U ^ )l ^ U i: <D Q^ -C. 

7;p^;i/aS7;/^^A$n;t7xy^->K7x^>$rfE<ii^ 

^ 0 ftfi^Wtctt. (SH<&^t UT2.6-'>*-tc^^-y5";^-4- 
^ ^ ;u 7 X y 4^ V K 7 X :t > * -r ^ IS «^ « 5tc 55 lyj © 

IC # iC iT- M IC fil /H T # S . 
[0 0 1 33 jC(I) T^^Fn««B{l=lC*5liT, X tVX 

® :t > ffl -5 C i T ^ . * U < « > ^ A ^ 

30 n tt, §^«£'f<7)Cp' ii^mmr ^ C tVZJ: 0 . Z.<0^^i^f)^, 
[Cp' Sin(OAr) Cp' XilH?) ^ m 0 M t -t ^ 0 

0 y ^ mn^ '^ i^x i^"^ ^ z t ^ ^-r . ±m<DxK.\z^ o 

m^isi) tti^f n-r. mnm\z^ o y ^ m^it 
^-^^■r^h<o\ti'^-rtih'A^^m<Dyjm\zi!iimxt^. 
[ 0 0 1 4 ] 5t (ii)T^ $ ti^mi^\t. 'jkm(D'rjm (.m 

Jesorka. A. 6, B ft ^ ¥ 7 # ^ ^ . 
SjE[J8a2S^^3H5/43. iK^iSrU, 1995*^: Inorg. Chcm. . 35. 
pp. 7 1 90-719 5, 1 9 96) IC fi£ 1^ . z: fifij it V > J »^ A 7 5 H 
40 Sni[N(SiMe,):]i (THF): ( S 1 Mc, : h U ^ 5^ v U ;U 

) IC - m CO t K a + v 7 U - ;u ft ^ S IS $ ■li' * 

U - JUt ^ t b T . ;Tf S CD 7 U - Jl/ :t ^ V H SB {4 ^ 

t->^^;i"4- > 7 X y + '> H 7 - :f > €:i!E^4^ t L 

xyjA-rsW'&cii. tHn + ->7'j -;Kk'&'tti2. e-i^ 
-iert-:r^;u-4- p< ^ ;u 7 X y - $r in v^n cfc , * 

/t. xt(I) T7K$ n^$a<^Ji. xt (II)TI5$ n^^Mil^ 
2^iiIi(7)Cp' X (X2ilXCp* tt ±tS<D t 43 0 -C * 0 , X t 
50 U T Ji * 'J A < > j5«*T- *LV0 t5^h^tKn7^ 




( 4 ) 



5 

[0 0 151 :in^<Dmm^m^^ft:^^i^>&zs/x\t 

Fl^T^: y -7— 1 0.0002 - 0. 005 =e)um 

Bt. 0"^L.<« o.ooi'-o.oo2 =e)i^mi!s.(om(omm^ }^ 

. -^.X^f^ \z :^ \^ ySLlSm ^ X. ^ U > ^ 'el^ 

[0 0 1 6] iSsf?«4'T©±ia^yv-«>iS!ig«<HrlC^5£ 

$n?^j:i>7&^. i^y^fi, 1-20 %(v/v) . * u < 10% 
(v/v) s^^^o^S£CgTK^t;^^T•5cl^7;^<T^^o <r> 

SI&*iflJJEETlcfir ^ C t TtJ^^T* L l^. m^\t. 1,00 

0 ^mU^Jt, i!?^L<ti 2. 000rviEa±, J:0«^iL< 
« 2. 500^EE?i?iig<?);jnBETlCSJtx^ff X. tf<t li. ^ ;t , 

ff^ t C J: 0 , mia¥i^^>^S?!)no:^£^±, lif^L 

< J150:^a±(^lE-&(<^ ^SJi^-r ^ ;i i: ^ . 

( 1 1) <D ftfi JUf ^ ;i3 ^ « ^ ic « , m ^ S Jt- ^jn JEE T t:: fr ^ 
ig^^idt&O, m^\t. 1.000 ^ffi£iJi, »*U<« 2.0 
00rvJEUt±> J:OiM-*U<Ji 2. 500^ IE S ffi ® j[in ffi T 

^mT^'j: u 100 •oeifg^'co^jnfflT ({^ij t^eora 

[0017] 

mx : Siii[N(SiMe3)»]i (THF)i (4. 44 g, 7. 21 mmo I) x 
h ^ t K D :7 ^ > (50 ml) \Z'tHM\^> 20 ml O -r b ^ t 
K n 7 7 XI L 2,6- V ^ - r U - ^5^;U-4- 
^^;i/7xy— ;U (3.18 g. 14.42 mmol) JIJll^l T'^ta 

PI)feS.^UT7xy4^vH ' ^) ^ h.mW Sni(OAr), (TH 

F). (OAr: 2, 6-d i - 1 cr I - >^ 5" ^1/ -4- >^ ^ 7 x / 5^ H 
?Ett^:ia^l)^mffi^«f^i:UTf(^>5:(4.8l g, 5.9 
7 mmol. iK^ 83X) • 
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Anal. Calcd. for dH7D0sSiii: C, 62.67X: H, 8. 76X. 
Found: C. 62. 30%, H. 8.8U. 
iO 0 I JcUn^ SB (OAr) « (THF)i (0, 805 g. I. 00 
mmol) ^ 10 ml©5^ h 7 t H □ 7 7 > Ci^^ L , Cp' K 
(0.35 g. 2.01 mmol) Oxh^tKD:75>^?d? (2 m 

I) {zmxx^uvm\mmm.^'\.tz. ^i&^^i^j^u 
xmfk^ms.Wimvit^s ^seir t- h ^ t h o :? ^ 

^^mx^X^^^if^ . ^^\Zr-h'y\=.\^uy^y^M 

-10 ^xt)cm^m^\^xm%i!Lomm^nrz> z.<D^Am(Dm 

[Cp* Sra(OAr) Cp'K(THF):]. (ArO: 2 , 6- v rJ' - -V U - 

3^ 5" ;i/ -4- 5^ :7 X y 4^ V K ffi ^ : lg 2 ) 

ft. 

Anal. Calcd. : C. 62.72X: H, 8.45X. Found: C. 63.3 
9%. H. 8. I IX. 

(0 0 1 9] Zi (D^i^CDl^il^^ (0.40X0.35X0.20 mm) 

20 Z. <D ff^ f)^ [Cp* Sm(OAr) Cp' K (THF) ? ] ^ — IJi 14 ^ b T 

CD* t)^mmi^rz7^^ 0 ^ y i7 mi!t^^ii^x\^^ ^ z. 

a=1 3.002 (3): b=I 7. 202 (4): c = 1 0.373 (6)A 
0=91.40 (3)' : i3 =1 03.97 (3) ' : r=100.38 (2) ' 
m^iLi^m : 2209 (l)A' : I^M,^ : ^m^T^ ; 'i^mm : 
P-1 (#2) 

[ 0 0 2 0 ] m 2 

mixnff*^'7 0^i.i^i^^m^^x7.^\y>(Dm'^. x 

^U>®ffi-&. 7s ^ U > t ^ U XO ^ 

30 fZo X ^ U ><75 ffi-^ IC IP T tt, #m (1 alm)<DJKltNT 
tt, h;i/X> (12 m\)t\i\Z'^-7 O IxM^ (0,1 mmol) 

&t;x^u> (1.2 ml) ^-^ti^j^^Wc^ m^-^ . ^jnJ£T 

(2500 atm) © S It- T « , h ;i/ X > (3.5ml) rlMli^- "J 
OM^mm (O.I mmol) JScZS7.^U> (1.5 ml) «r tr R 

i$:^m^m^^rz. x^^ u xote-^cpi^t^, h;px> 

(IOml)Mi|C-tf*7Ur>A®W^ (0.05mmol)i:X^U> (1 
^k!£) ^^is5LJ>BWi^ in\^^rzo ^km^ \z rD X \t . h )\^ 
X> (10 m\)^{^\Zlt^ 0 /^m^ (0.05 mmol), 7. ^ U 
> (6 ml) , 2&t/X5'U>(l rv/E) ^-&OS;t>?{}t$:il1 

tX^>^SS:^llC7T<-r (^^J(D^y^-JC*>tt^Sl25:i:/ 

Eitt-en^'nx^ u >&^;x5^ u st/Ei ttx 

5^ u > 2fctxx5^ ix xDjiaj'^.^^-e- $:^r ) . cne»<7)^s 

R,U7^\^ > iiiji'^i- >(D^^m^\zm mx$>i> z tti^m 

[ 0 0 2 1 ] 

im 1 ] 
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" Sm(OAr)i (THF) J : ArO \t 2. 6-d i - 1 e r t -Bu-4-Me-ph enoxy^ 

'*[Cp ' Sin(OAr) Cp* K(THF)i]. ; ArO 2. 6-d i-l cr t-Bu-4-Me-phenoxyS 

•*X^U'>/X^U> = 0.65 

[ 0 0 2 2 ] mi:ino ^ tf)^'c^ ^ o ^\z. -^^m(Dy]m\z^rm. 
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